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Background
Direct bonding of orthodontic brackets to the labial face of teeth was introduced by 
Newman [1] in 1965 with the purpose of eliminating metal bands [2]. This only became 
possible as a result of the concept of enamel etching, introduced by Buonocore [3] in 
1955, which enabled orthodontic accessories to be bonded to teeth by means of a high 
bond-strength adhesive system [2]. Since then, the impact on the bond strength of direct 
bonding techniques of varying the adhesive system [4–8], type and time of enamel 
etching [7, 9], and types of orthodontic brackets [10, 11] has been a subject of active 
investigation.
In routine orthodontic practice, it is essential to obtain a reliable bond between an 
orthodontic attachment and tooth enamel. In bonding orthodontic brackets to the 
Abstract 
The objective of this study was to evaluate the enamel roughness and shear bond 
strength (SBS) of dental composite after removal of metal brackets bonded with dif‑
ferent materials (Transbond XT, Filtek Z100, Venus Diamond and Filtek P90). Cleaning 
and etching were performed in vitro on 60 premolars, which were then divided into 
four groups (n = 15). A metal bracket was bonded to each tooth using one of the four 
materials. The SBS test was performed in an Instron universal testing machine, using 
a chisel positioned at the junction interface with a speed of 1.0 mm/min. After test‑
ing the SBS, the teeth were analyzed using the Adhesive Remnant Index (ARI) with a 
stereomicroscope under 40× magnification. The remainder of the bonding material 
was removed with multilaminated carbide bur (FF 9642) and the surface roughness 
measured. The SBS and roughness data were statistically analyzed. The average SBS 
for the different groups in this study ranged from 6.13 to 12.72 MPa; Transbond XT 
(12.57 MPa) and Filtek Z100 (12.72 MPa) showed the highest values. There were dif‑
ferences between the bonding materials in IRA scores, but no statistically significant 
difference for roughness. All SBS values were adequate, since none were below the 
minimum acceptable level (6–8 MPa), however the enamel did not return to the condi‑
tions present prior to the bonding of the brackets.
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enamel surface, composite resins play an important role in bonding results. Filled restor-
ative materials have been used as orthodontic adhesives [12, 13]. The principal drawback 
of polymeric composite restorative materials remains their high polymerization shrink-
age [14]. In addition, polymerization shrinkage of orthodontic adhesives has a pro-
nounced effect on the durability of bonding [2, 15, 16]. Thus, gap formation contributes 
to microleakage, permitting the passage of bacteria and salivary secretions from the oral 
cavity [13, 17]. White spot lesions prevalence and severity were shown to increase with 
fixed appliance treatment [13, 18, 19].
The results of this shrinkage have been well documented, with a clinical problem being 
the development of physical stresses at the restoration interface [14, 20] and the type 
of composite affects the retention of composite restorations in dental cavities [21]. This 
stress may also occur between the orthodontic attachment and tooth enamel. To address 
these physical stresses, 3  M ESPE (St. Paul, MN) has introduced silorane, a material 
reported to have lower shrinkage. Silorane was named to indicate a hybrid compound 
containing siloxane and oxirane functional groups [22, 23]. The siloxane is responsible 
for the highly hydrophobic nature of silorane, while the cycloaliphatic oxirane func-
tional groups result in lower shrinkage compared with methacrylate-based composites. 
Oxiranes are cyclic ethers that polymerize through a cationic ring-opening mechanism, 
in contrast with the free radical polymerization of methacrylates [23, 24]. Venus Dia-
mond (Heraeus Kulzer, Armonk, NY) is a nanohybrid universal composite containing 
a monomer (TCD-DI-HEA) (Bis-[acryloyloxymethyl] tricyclo[5.2.1.02,6]decane) that is 
said to combine low shrinkage with low viscosity [25].
Relevant factors in bracket debonding [26, 27] and subsequent polishing of the enamel 
surface [26–28] also have been investigated [29]. Incorrect removal of the brackets or 
adhesive can lead to permanent damage of the enamel and an extended time for debond-
ing [26, 30]. The final procedure in returning the enamel surface to its original pretreat-
ment condition involves removal of all attachments and remaining resin from tooth 
surfaces [31, 32].
Thus, the aim of this study was to evaluate shear strength of metal brackets attached 
with different dental composites and enamel roughness after debonding and finish-
ing. The null hypotheses were that the shear strength of metal brackets would not differ 
among groups of teeth treated with different dental composites (1), and that the surface 
roughness of enamel after debonding and finishing would not differ between groups nor 
between the treated and sound enamel not subjected to bonding of the metal brackets (2).
Methods
Specimen preparation
The project was approved by the Ethics Committee and 60 premolars without cracks or 
surface defects were collected. The roots were sectioned with a water-cooled diamond 
saw (Isomet; Buehler Ltd., Lake Bluff, IL, USA) and the crowns embedded in self-cur-
ing acrylic resin (Clássico Produtos Odontologicos, São Paulo, SP, Brazil) in polyvinyl 
chloride tubes, with the buccal face perpendicular to the tube. The vestibular faces of 
all teeth were cleaned with a rubber cup and non-fluoridated pumice-water slurry (S.S. 
White, Petrópolis, RJ, Brazil) for 10 s, rinsed with air–water spray for 10 s and air-dried 
for 10 s.
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The teeth were divided into 4 groups (n =  15), to test each of 4 bonding materials: 
Transbond XT (3 M Unitek, Monrovia, CA, USA), Filtek Z100 (3 M/ESPE, St. Paul, MN, 
USA), Venus Diamond (Heraeus Kulzer, Armonk, NY, USA), and e Filtek P90 (Silorane 
composite; 3 M/ESPE). To prepare the teeth for three of the bonding materials (Trans-
bond XT, Filtek Z100 and Venus Diamond), the middle third of the buccal face of each 
tooth was etched with 35 % phosphoric acid gel (Scotchbond Etching Gel, 3 M/ESPE) 
for 20 s, rinsed with air water spray for 20 s and air-dried for 20 s. For the Transbond 
XT bonding material, one layer of Transbond XT Primer (3 M Unitek) was applied to 
the etched tooth and light-activated for 10  s using a light-emitting diode (Radii Cal, 
SDI, Bayswater, Victoria, Australia) set to 1400 mW/cm2. Standard stainless steel pre-
molar brackets (Morelli Ortodontia, Sorocaba, SP, Brazil) were then positioned and 
firmly bonded to the tooth using Transbond XT light-cured bonding resin (3 M Unitek), 
excess removed using a microbrush (KG Sorensen, Cotia, SP–Brazil) and the resin 
light-activated.
For bonding materials Filtek Z100 and Venus Diamond, one layer of Adper Scotch-
bond Multi-Purpose Adhesive (3  M ESPE) was applied to the etched tooth and light 
activated for 10 s. Standard stainless steel premolar brackets were then positioned and 
firmly bonded to the tooth using Filtek Z100 and Venus Diamond (respectively in each 
group), excess removed using a microbrush, and the resin light-activated.
For bonding material Filtek P90, one layer of Silorane system adhesive self-etch primer 
and bond was applied to the unetched tooth and light activated for 10 s. Silorane system 
bond was then applied and cured in a similar manner. Standard stainless steel premolar 
brackets were then positioned and firmly bonded to the tooth using Filtek P90, excess 
removed using a microbrush, and the Filtek P90 light-activated. Light-activation in all 
groups was carried out with four exposures on each side of the bracket, for total expo-
sure time 40 s.
Bond strength testing and failure analysis
After 24  h of the specimen preparation, the shear bond strength (SBS) test was per-
formed using a mechanical testing machine (Model 4411; Instron, Canton, MA, USA) 
with a knife-edged rod at a crosshead speed of 1.0  mm/min until the bond failed. A 
mounting jig was used to align the tooth-bracket interface parallel to the testing device.
After debonding, the tooth and bracket surfaces were examined with a stereomicro-
scope (Olympus Corp, Tokyo, Japan) under 40× magnification. The adhesive remnant 
index (ARI) [33] was used to classify the failure modes, using the following scores: 0 
indicates that no bonding resin remained on the tooth, 1 indicates that less than half of 
the bonding resin remained on the tooth, 2 indicates that more than half of the bond-
ing resin remained on the tooth and 3 indicates that all bonding resin remained on the 
tooth, along with a clear impression of the bracket mesh.
Tooth finishing and roughness testing
To measure the average surface roughness (Ra) of the teeth, a surface roughness tester 
(SJ-400; Mitutouo, Kawasaki-Shi, Japan) was used at a speed of 0.05 mm/s speed, with a 
length of 1.25 mm and a cut-off of 0.25 mm. Three measurements in different directions, 
each offset by 120°, were recorded, and the initial Ra was determined for each tooth 
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prior to bracket bonding. After the failure analysis, the teeth were finished with a mul-
tilaminated carbide bur (FF 9642; JET, Morrisburg, ON, Canada), at low rpm (rotations 
per minute) under intermittent water cooling until a visibly smooth and polished surface 
was obtained (80 s), after which the final Ra was measured.
Statistical analysis
Statistical analysis was performed using Minitab 16 for Windows 8 (Minitab Inc., State 
College, USA). SBS mean values were subjected to the D’Agostino-Pearson test for nor-
mality; then to a one-way ANOVA and Tukey’s range test (α = 0.05). The average values 
of surface roughness (Ra) were subjected to the D’Agostino-Pearson test for normality; 
then to a two-way ANOVA (bonding materials × time), and the means were compared 
using the Bonferroni test (α = 0.05).
Results
The SBS of each group is shown in Table 1. The mean SBS for Transbond XT and Fil-
tek Z100 composites were significantly greater than that of Venus Diamond, which was 
in turn, significantly greater than that of Filtek P90. The surface roughness test results 
are depicted in Table 1. After resin removal, the surface roughness did not differ signifi-
cantly among the groups, and the initial roughness was lower than the final roughness 
for all composites (p > 0.05).
The ARI scores are shown in Table 2. The mode for the ARI scores were two for the 
Transbond XT (53.4  %) and Filtek Z100 (66.7  %) composites, one for the Filtek P90 
(53.4 %) composite and three for Venus Diamond (60.1 %).
Discussion
In general, populations not only demand restorative treatment, but also demand treat-
ments that improve their esthetic and oral functionality, such as orthodontic treatment 
[34]. In orthodontic clinical practice, bracket bonding and arch placement can be made 
in the same visit [35]. Therefore, force can be applied to the bracket within the first hour 
after bonding [35]. This force can affect adhesive curing and, subsequently, the strength 
of the bond to the enamel [35]. Thus, orthodontic bonding materials should have opti-
mal physicochemical and mechanical characteristics as well as sufficient bond strength 
to withstand masticatory forces [36]. Different composites have been suggested for 
bonding orthodontic brackets [37], including both restorative and orthodontic bond-
ing materials. However, the two major properties of these dental composites that still 
Table 1 Bond strength mean values (MPa) and  surface roughness (Ra) mean values (µm) 
and standard deviations () in the experimental groups
Different uppercase letters in column and lowercase letters in row for surface roughness indicate statistically significant 
difference (p > 0.05)
Composite Shear bond strength Surface roughness
Initial Ra (µm) Final Ra (µm)
Transbond XT 12.57 (2.76) A 0.21 (0.04) Aa 0.33 (0.02) Ab
Filtek Z100 12.72 (2.65) A 0.22 (0.03) Aa 0.32 (0.02) Ab
Filtek P90 6.13 (2.02) C 0.21 (0.03) Aa 0.31 (0.01) Ab
Venus Diamond 9.31 (1.36) B 0.22 (0.04) Aa 0.31 (0.01) Ab
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require improvement are their polymerization shrinkage and the related polymerization 
stress [13, 24]. Thus, this study evaluated the bonding properties of two low-shrinking 
composites (Venus Diamond and Filtek P90) and a conventional composite (Filtek Z100) 
in comparison with a conventional orthodontic composite (Transbond XT) for bonding 
orthodontic brackets and the surface roughness of enamel after debonding.
The average shear bond strength for the different groups in this study ranged from 6.13 
to 12.72 MPa (Table 1). An important factor is whether the bond strength of media is 
within a clinically acceptable range. However, there is no clear consensus regarding what 
the minimum shear bond strength should be, with some reports suggesting a range of 
13–21 MPa [38] and others 6–8 MPa [39]. The average shear strength of all composites 
tested in this study were >6 MPa, considered by Reynolds and Von Frauhofer [39] and 
others to be appropriate for routine clinical use. Mean values of shear strength were sim-
ilar to previous studies [40, 41] and were within the clinically acceptable bond strength 
range. However, in this study, the Transbond XT and Filtek Z100 composites showed the 
highest bond shear strength.
Regardless the applied force, total-etch adhesive systems (Transbond XT primer and 
its adhesive, and Filtek Z100 and Venus Diamond and Adper Scotchbond Multi-Purpose 
Adhesive) had higher SBS values compared with the self-etch primer (Silorane system 
adhesive self-etch primer and its adhesive). This was probably because phosphoric-
acid etching produces rough etched enamel surfaces. Bonding brackets to such a sur-
face results in thick and uniform resin tags that deeply penetrate enamel. On the other 
hand, shallower and fewer resin tags are obtained with self-etching primer systems [35, 
42]. This effect is apparent in the analysis of the ARI scores; there was a trend toward 
reduced residual adhesive on the enamel surface when self-etch adhesives were used.
After SBS testing, it is important to determine the site of material failure and meas-
ure the ARI scores, using the system developed by Artun and Bergland [33], which 
helps standardize bond failure analysis. The site of failure provides information regard-
ing the quality of the bond between the adhesive and the tooth, and between the adhe-
sive and the bracket base [43]. By microscopic observation, debonding of the Silorane 
composite occurred mainly with less than half of the bonding resin remained on the 
tooth, (ARI = 1), compared with more than half (ARI = 2) for conventional orthodon-
tic adhesives like Transbond XT (Table 2). These findings suggest that epoxy base resin 
composites (Silorane) did not bond to the bracket base as effectively as conventional 
orthodontic adhesives. An important requirement of an orthodontic adhesive is its 
Table 2 Frequency distributions of the adhesive remnant index (ARI) scores
The ARI scale has a range between 0 and 3. 0, indicates that no bonding resin on the tooth; 1, indicates that less than half of 
the bonding resin remained on the tooth; 2, indicates that more than half of the bonding resin remained on the tooth and 3, 
indicates that all bonding resin remained on the tooth, with a distinct impression of the bracket mesh
Composite ARI scores (%)
0 1 2 3
Transbond XT 0 39.9 53.4 6.7
Filtek Z100 0 26.6 66.7 6.7
Filtek P90 6.7 53.4 26.6 13.3
Venus Diamond 0 13.3 26.6 60.1
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ability to debond by clear separation from the enamel surface, leaving no residue, which 
facilitates debonding and subsequent polishing. Increased bond strength is associated 
with higher ARI scores [44]. Conversely, retention of all resin on the tooth (ARI = 3), 
such as occurred 60.1 % of the time with the Venus Diamond composite, could be clini-
cally advantageous compared with debonding with the concomitant removal of enamel 
fragments, which damages tooth surfaces. A significant correlation exists between resid-
ual adhesive and the surface appearance after cleanup [45]. Bond failure at the enamel-
adhesive interface was suggested to be an advantage, because it reduced the amount 
of residual adhesive, the need for a rotary instrument for cleanup and therefore, the 
incidence of subsequent iatrogenic injury [45]. However, these scores depend not only 
on the adhesive bond strength but also on many other factors, including bracket base 
design, etching procedures, and adhesive type [46].
Orthodontic treatment has an inevitable influence on the enamel surface [29]. Regard-
less of the composite used, some grooves are present in teeth after bracket debonding 
and resin removal [29]. Enamel surface alterations after bracket removal are particu-
larly important for the outer layer of enamel, which contains more minerals and fluoride 
than the deeper layers [29]. Damage to the enamel surface may lead to decreased enamel 
resistance and an increased risk of decalcification [32]. In this study, the final roughness 
did not appear to be influenced by the polymerization shrinkage and physical stresses 
of the specific composite used. Thus, the main factor determining the final roughness 
was that the teeth were finished with a multilaminated carbide bur (Table 1), although 
the tooth enamel was not returned the smoothness present before of bracket bonding 
(Table 1). The values for enamel roughness after finishing were similar or lower to those 
found in another study [25] that used similar methodology in sound tooth enamel. Thus, 
the enamel roughness found after finishing is acceptable. Furthermore, residual adhesive 
could be removed with minimal damage to the enamel by the careful use of a tungsten 
carbide bur [47]. Considering the biochemical factors involved in dental caries develop-
ment, higher concentrations of insoluble polysaccharides can cause a shift in deminer-
alization [48]. When combined with orthodontic treatment, the mechanical retention of 
foods containing insoluble polysaccharides may increase roughness in areas near those 
covered by the bracket. Thus, high roughness values were not found in this study in the 
areas of sound enamel not covered by brackets (Table 1).
Significant differences in the shear strength after of metal brackets were found among 
different dental composites (1) and in the surface roughness between the areas of sound 
enamel and the areas that were finished after debonding of metal brackets (2). The low 
shrinkage composites achieved low but acceptable SBS results. Evaluation of the surface 
roughness of enamel after finishing showed no advantages or disadvantages to any of the 
bonding materials tested using the methods employed in this study. However, other fac-
tors, such as the application of force, biofilm retention, micro leakage, and light reflec-
tion should be tested in future studies of low shrinkage composites.
Conclusions
Low-shrinkage composites produced sufficient in vitro SBS values. However, these val-
ues were lower than those of the Transbond XT and Filtek Z100 composites. Roughness 
differed between the sound enamel and the enamel finished with the carbide bur system. 
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However, the enamel finished using the carbide bur system had no difference in surface 
roughness with any of the different composites tested.
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